This paper presents investigations of dynamic behaviour of a nonlinear Gantry Crane System (GCS). The dynamic model is derived using Lagrange equation. Various system parameters of the system are tested to observe the actual behaviour of the dynamic model system. System responses including trolley displacement and payload oscillation are analyzed. Simulation is conducted within Matlab environment to verify the performance responses of the system. It is demonstrated that several factors affected the performances of the GCS in terms of input voltage, cable length, payload mass and trolley mass.
Introduction
In our daily life, the strength of human is very limited and cause difficulties in handling with huge materials. In order to utilize of manpower, heavy machinery is needed to make the work become easier and less time to complete the task. Nowadays, the improvement of technology made Gantry Crane System (GCS) as one of the suitable heavy machinery transporter to be used in the industries. The purpose of GCS is to transfer variety of material from one location to another location in order to load and unload of huge materials where heavy loads must be moved with extraordinary precision [1] . It has been supported by two or more legs [2] . The trolley is designed on the top of GCS to move and bring heavy loads either left or right along the horizontal bridge rail of a crane until accomplish to the desired location.
The crane acceleration is required for motion and induces undesirable load swing [3] . At higher speed, these sway angles become larger and cause the payload difficult to settle down when unloading. A lot of time is needed to unload until the payload stop from swaying. This unavoidable frequently load swing causes drop efficiency, load damages and even accidents. Due to this, most of the GCS is controlled by experts and experience operators manually in order to stop the swing and trolley at an accurate position. The vibration in the trolley and payload may affect the operator's safety and it would be more dangerous if heavy loads are increasing and will have a major impact on employee around the working areas [4] . This paper presents a development and investigations of nonlinear GCS model. The dynamic model of the system is derived using Lagrange equation. Thus, simulation is conducted within Matlab environment to verify the performances effect of various input voltage, cable length, payload mass and trolley mass on the dynamic behaviour of the system. Trolley displacement and payload oscillation of the system are observed and analyzed. Simulation results have demonstrated various responses with the different setting of the GCS parameters. This behaviour will be useful for development of efficient control algorithms.
Nonlinear Model of GCS
In this work, a schematic diagram of a Gantry Crane System (GCS) is considered as shown in Fig. 1 . The parameter of GCS are represent as m 1 , m 2 , l, x, , T and F which are namely as payload mass, trolley mass, cable length, horizontal position of trolley, swing angle, torque and driving force respectively. The nonlinear model of GCS is modeled based on [5] and all the parameters value for the system is shown in Table 1 . 
Mathematical modeling
There are several ways and methods can be used in order to model the GCS. Based on some studies, it is found that the Lagrange's equation is more suitable to derive the mathematical expression especially for modeling the nonlinear model the system. The GCS has two independent generalized coordinates namely trolley displacement, x and payload oscillation, . The standard form for Lagrange's equation is given as:
where L, Q i and q i represent Lagragian function, nonconservative generalized forces and independent generalized coordinate. The Lagragian function can be written as:
with T and P are respectively kinetic and potential energies. This relationship is involved in calculating on how it is related to be more flexible coordinates. Kinetic and potential energies can be derived as:
Since the dynamic DC motor is included in this gantry crane model, differential equations with their effects is derived. By considering the dynamic of DC motor, a complete nonlinear differential equation of the GCS can be obtained as: where V is an input voltage. Thus, these two equations are represented for this nonlinear GCS as shown in Fig 1. Table 1 . Several simulation studies have been performed to study the behaviours of GCS. Analysis with different system parameters has been conducted. Fig. 3 shows trolley displacement response with different values of input voltage (V), cable length (l), payload mass (m 1 ) and trolley mass (m 2 ). Similarly, Fig. 4 shows payload oscillation with various system parameters. It is noted that the system dynamic behaviours are affected by the system parameters. Observation are then based on four criteria's which are the average position of trolley displacement, maximum oscillation of payload, period of one cycle of oscillation and frequency of the system. Table 2 Several observations can be deduced from the results: i) Greater distance can be reached by the trolley by increasing the input voltage. However, frequency of the system is not affected by the voltage input while maximum oscillation of payload is linearly increased. ii) Distance of the trolley is not much affected by increasing the cable length. Nevertheless, frequency of the system is dependent on the length cable where the shorter the cable, the greater the frequency. Then, maximum oscillation of payload is seen that it is proportional to the cable length.
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iii) Distance of the trolley is affected by the payload mass. Larger mass of payload, lower distance can be reached. The frequency of the system is dependent on the payload mass. The bigger the payload, the frequency will be increased. However, maximum oscillation of payload is decreased. iv) Lastly, distance of the trolley is affected by its mass. Larger mass itself, lower distance can be reached. The frequency of the gantry crane is dependent on the trolley mass where the bigger the trolley, the lower the frequency. The maximum oscillation of payload is also decreased. 
Conclusion
This paper was investigated the development of a dynamic model and dynamic model of GCS. Nonlinear differential equations of the system have been derived using Lagrange equation. System responses including trolley displacement and payload oscillation have been examined. Various system parameters of GCS have been tested. Simulation results have shown that the performances response of GCS is very sensitive to the variation of parameter setting. These analyses are very beneficial for development of control algorithms for GCS. 
